A rigorous theoretical investigation has been made of obliquely propagating electrostatic solitary structures in a hot magnetized dusty plasma which consists of a negatively charged, extremely massive, hot, dust Ñuid and Maxwellian distributed ions and electrons. The reductive perturbation method has been employed to derive the KortewegÈde Vries (KÈdV) equation which admits a solitary wave solution for small but Ðnite amplitude limit. It has been shown that the e †ects of dust-temperature, obliqueness, magnetic Ðeld and free electrons have changed the nature of the electrostatic solitary structures. The result of the present investigation for unmagnetized case, parallel propagation, no free electron and cold dust Ñuid completely agrees with the existing published results (Mamun et al.
Introduction
There has been a rapidly growing interest in understanding di †erent types of collective processes in dusty plasms which are common in asteroid zones, planetary rings, cometary tails, earthÏs environment, etc. It has been found both theoretically [1] and experimentally [2] that the presence of static charged dust grains modiÐes the existing plasma wave spectra, whereas the dust charge dynamics introduces new eigen modes. The low phase velocity (in comparison with the electron and ion thermal velocities) dust-acoustic waves [1, 2] , where the dust particle mass provides the inertia and the pressures of inertialess electrons and ions give rise to the restoring force. Recently, motivated by the experimental observation [2] of this low phase velocity dust-acoustic waves, Mamun et al. [3, 4] have studied nonlinear dustacoustic waves in a two-component unmagnetized dusty plasma consisting of a negatively charged cold dust Ñuid and Maxwellian [3] and non-Maxwellian [4, 5] distributed ions. As the e †ects of obliqueness, external magnetic Ðeld and dust-temperature, which have not been considered in these earlier investigations [1, 3È5] , drastically modify the properties of electrostatic solitary structures [6È9] , in the present work we have studied the obliquely propagating dust-acoustic solitary structures in a hot magnetized three component dusty plasma which consists of a negatively charged, extremely massive, hot, dust Ñuid and Boltzmann distributed ions and electrons.
Governing equations
We consider a three component dusty plasma, which consists of extremely massive, micron-sized, negatively charged, hot dust Ñuid and Boltzmann distributed ions and electrons, in presence of an external static magnetic Ðeld Thus, (B 0 pzü ). at equilibrium we have
where and are the unperturbed ion, dust and n i0 , n d0 n e0 electron number densities, respectively, and is the Z d number of electrons residing on the dust grains. The dynamics of low phase velocity (lying between the ion and dust thermal velocities, viz.,
where n is the dust particle number density normalized to u is the dust Ñuid velocity normalized to the dustn d0 ; acoustic speed with being the ion tem-
T i perature (in energy units) and being the mass of m d negatively charged dust particulates ; r is the electrostatic wave potential normalized to with e being the magni-T i /e tude of the electron charge ; and with
and with the time
/n i0 ; and space variables are in the units of the dust plasma period and the Debye length
To justify u pd . taking ion and electron density responses [the last two terms in (4)] it is important to note that electron and ion inertia are negligible in comparison with the dust grain mass and electron and ion Larmor radii are also so small in comparison with the size of the dust-acoustic solitary wave structures (under investigation) that the motions of ions and electrons are assumed to be along the direction of the external magnetic Ðeld [10] .
Korteweg-de Vries (K-dV) equation
To study electrostatic dust-acoustic solitary waves in the dusty plasma model under consideration, we construct a weakly nonlinear theory [11] of the dust-acoustic waves with small but Ðnite amplitude which leads to scaling of the independent variables through the stretched coordinates [7, 11] 
where e is a small parameter measuring the weakness of the dispersion, is the wave phase velocity normalized to v 0 C d ; and are the directional cosines of the wave vector k l x , l y l z along the X-, Y -and Z-axes, respectively, so that l
We can expand the perturbed quantities n, and r u z about their equilibrium values in power of e by following Refs [7] and [10] . To obtain X-and Y -components of dust electric Ðeld and polarization drifts, we can expand the perturbed quantities by following a standard technique [7] 
Now, using (5) and (6) in (2)È (4) one can obtain the Ðrst order continuity equation, Z-component of momentum equation and PoissonÏs equation which, after simpliÐcation, yield
We can write the Ðrst order X-and Y -components of the momentum equation as
These, respectively, represent the X-and Y -components of the electric Ðeld drift. These equations are also satisÐed by the second order continuity equation. Again, using (5) and (6) in (3) and (4), and eliminating we obtain the next higher order X-and Y -components u x, y
(1) , of the momentum equation and PoissonÏs equation as
The Ðrst two of these equations, respectively denote the Yand X-components of the dust polarization drift. Similarly, following the same procedure one can obtain the next higher order continuity equation and Z-component of the momentum equation as
Now, using (7)È (11), one can eliminate n(2), and r (2), and u z (2) can obtain
The steady state solution of this KÈdV equation is obtained by transforming the independent variables m and q to g \ m and q \ q, where is a constant velocity normalized [ u 0 q u 0 to and imposing the appropriate boundary conditions,
Thus, one can express the steady state solution of this KÈdV equation as
where the amplitude and the width d (normalized to / m j Dd ) are given by
is plotted against for 
(dotted curve) and (dashed curve). 
Discussion
The e †ects of obliqueness, magnetic Ðeld, free electrons and dust temperature on electrostatic solitary structures, which have been found to exist in a hot magnetized dusty plasma with negative potential only, are investigated by using the reductive perturbation method which is only valid for small but Ðnite amplitude limit but not valid for large h which makes the wave amplitude large enough to break the condition en d (1) \ 1. It is observed that as we decrease i.e., increase h, the l z , amplitude increases and tends to O when h is 90¡ (though higher range of h is not valid in our studies). It is found that the width (d) increases with h for its lower range (i.e. from 0¡ to D45¡), but decreases for its higher range (i.e. from D45¡ to 90¡) and tends to zero when h \ 90¡ and that the amplitude and the width d of these solitary structures increase / m with the dust temperature (T d ). It is seen that the magnitude of the external magnetic Ðeld has no e †ect on the amplitude of the solitary waves. However, it does have an e †ect on the width of these solitary waves. It is shown that as we increase the magnitude of the magnetic Ðeld, the width of these solitary waves decreases, i.e., external magnetic Ðeld makes the solitary structures more spiky.
It may be stressed here that the results of this investigation, which for unmagnetized case, parallel propagation, no background free electron, and cold dust Ñuid limit completely agree with the recent published results [3] , should be useful for understanding the nonlinear features of localized electrostatic disturbances in laboratory and space plasmas where hot negatively charged dust particles and Maxwellian free electrons and ions are the plasma species.
To conclude it may be added that the time evolution and stability analysis of these solitary structures are also problems of great importance but beyond the scope of the present work.
